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1 Scope of the document  

The procedure in this document describes the weld procedure for  

• Welding the additional hydraulic connectors to the TTCS-scondary box and transport 

tubing needed to attach the mini-TTCS during beam testing.   

• Welding the TTCB on-site in the AMS02 Clean room in CERN to the TTCS transport 

tubes.  

• Welding the condensers on-site to the TTCS transport tubes  

• Welding the hydraulic end connectors to the TTCB-boxes used for pinching and closing 

the system.  

This document does NOT concern welding the hydraulic connectors connected to the 

evaporator. These welds are described in RD-2. 

  

It contains the following steps:  

• Weld qualification  

o Identification of optimum weld parameters   

(copy of the weld parameters from previous connector and tube welds) 

o Weld qualification 

• Weld re-qualification (if necessary)  

• Flight Weld steps 

o Pre-weld tubing check of TTCS connections 

o Pre-welds  

o Flight welding  

o Post-weld 

The objective is to verify the hydraulic connector welds will fulfil the NASA weld requirements 

and meanwhile provide the safety verification documentation.  



  
 AMS Tracker Page 8 of 86 

 Thermal Control Doc.Id AMSTR-NLR-PR-067  

 Subsystem Issue 4.0 

 TTCB and condenser integration Date  12 October 2009 

 

   

 

 

2 References documents 

 Title Number  Date  

RD-1 TTCS Requirements 

Verification Matrix FM H/W 

AMSTR-NLR-PL-

02 Issue 1.0 

April 2007 

RD-2 REQUIREMENTS FOR THE 

MANUFACTURING AND SPACE 

QUALIFICATION OF ALL THE 

PRESSURIZED WELD JOINTS IN THE AMS 

TTCS EVAPORATOR 

ASR-S-001 Rev B  Sept 2003 
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3 Identification of welds  

3.1 Weld locations of additional hydraulic couplings 

In the TTCS loop the new hydraulic connectors are present at the following locations: 

 

Figure 3-1: TTCS loop Schematic Secondary Loop  

The secondary loop contains: 

• 4 additional hydraulic connectors for the connection to the mini-TTCS  

• 1 hydraulic connector for re-filling  

• 1 hydraulic end cap 

 

The location of the hydraulic connectors is shown in below assembly drawing:  
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Figuur 3-2: TTCB-S connector locations (to be updated soon) 

 

Figuur 3-3: TTCB-Secondary inlet tube drawing  
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Figuur 3-4: Parker Hydraulic connector R44275S-03U28 with intermediate tube 

The R44275S-03U28 Parker hydraulic connector (Material: PEP 15-5 PH) is connected to the 

TTCS transport tubes (316L) by a small tube segment with an intermediate material (CRES 

347).  The same construction is used for the mating coupling R44276S-03U28 as shown in 

Figuur 3-5.  
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Figuur 3-5: Parker Hydraulic connector R44276S-03U28 with intermediate tube 

For the end caps used at the fill ports also R44276S-03U28 couplings are used. However these 

are connected to 6 mm 316L tubes which leads to some a different intermediate tube (CRES 

347). In Appendix A intermediate tubes are shown.   

 

 



  
 AMS Tracker Page 13 of 86 

 Thermal Control Doc.Id AMSTR-NLR-PR-067  

 Subsystem Issue 4.0 

 TTCB and condenser integration Date  12 October 2009 

 

   

 

 

Figuur 3-6: TTCS loop Schematic Primary Loop  

The primary loop only contains one hydraulic end cap. The inlet tubing is shown in Figuur 3-7 

and Figuur 3-8. 
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Figuur 3-7: TTCB-Primary tube assembly drawing  

 

Figuur 3-8: Primary box TTCB inlet tube drawing  
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Figuur 3-9: TTCB-Primary fill tube drawing  

 

3.2 Condenser inlet and outlet weld locations  

After condenser integration the transport tubes need to be welded to the condenser inlet and 

outlets. The TTCS has 4 condenser leadin a total of 8 online welds. Two condensers are located 

on RAM side and two on Wake side the mechanical lay-out is shown in below figures.The 

condenser welds are all of type V in Table 4-2.  
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Figuur 3-10: Condenser locations 

 

 

 

Figuur 3-11: Manifold inlet location details 

Condensers 

Weld locations 
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Figuur 3-12: Manifold inlet location details 
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3.3 TTCB connections weld locations  

The TTCB’s are located on the USS as shown in Figuur 3-16. The TTCB-P is located om Port 

side the TTCB-S on Starboard side. 

 

 

 

 

Figuur 3-13: TTCB locations on AMS 
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Figuur 3-14: TTCB weld locations on AMS 

 

Figuur 3-15: TTCB tube routing AMS 
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3.3.1 TTCB-P welds  

The TTCB-P will be completely welded into the TTCS-P tube system. This is a total of 8 welds. 

All welds are of the same type (Type IV in Table 4-2).  

 

3.3.2 TTCB-S welds  

The connection to the TTCB evaporators is via connectors. The connectors on the box side (see 

Figuur 3-2) are welded off-line (type III in Table 4-2). The connectors on the transport tube side 

are welded on-line (Type IV in Table 4-2). 

The TTCB-S has 4 TTCB condenser inlet and outlet connections will also be welded (Type IV 

in Table 4-2) online.  

 

 

 

Figuur 3-16: TTCB locations on AMS 
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Figuur 3-17: TTCB weld locations on AMS 

 

Figuur 3-18: TTCB tube routing AMS 
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3.4 Weld types identification 

The welding of the hydraulic connectors to the transport tubes includes the following types of 

welds:  

5.6 mm trumpet weld (all hydraulic connectors) 

• Hydraulic connectors (R44276S-03U28 and R44275S-03U28) to intermediate CRES 

347 tube sections 

4 mm welds (mini-TTCS couplings) 

• 4 mm standard tube stainless steel 316 L to 4 mm CRES 347 intermediate tube section 

• 4 mm standard tube to 4 mm standard tube (both Microgroup batch)   

Connection to TTCS transport tubes 

• 4 mm standard tube 316L (NIKHEF batch) to 4 mm standard tube 316L (Microgroup 

batch)  

Connection to TTCB’s 

• 4 mm standard tube 316L (Microgroup batch) to 4 mm 316L condenser manifolds  

Connection to condensers  

 

6 mm welds (end coupling) 

• 6 mm standard tube stainless steel 316 L to 6 mm CRES 347 intermediate tube section 

• 6 mm standard tube 316 L to Swagelok weld coupling  

• 6 mm standard tube 316 L to standard tube 316L  

 

For each combination of materials a weld qualification is needed. The welds from different 

material batches are considered to be a different material and require additional qualification.  

 

3.5 Class identification 

All welds are classified as class B according to NASA document PRC0010. TTCS is a 

pressurised system and therefore class B requirements and methods for pressurised components 

are applicable.  
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4 Weld qualification  

A weld qualification consists of the following steps: 

o Identification of optimum weld parameters 

o Weld qualification 

The weld qualification is performed on a total of 9 weld samples.  

 

Weld settings Number of welds Examination  

1 cut sample (see Figure 4-1) Limit high heat input 

settings 

3  

2 normal samples  

1 cut sample (see Figure 4-1) Limit low heat input settings 3 

2 normal samples  

1 burst sample Nominal heat input settings 3  

2 normal samples 

Total  9  

Table 4-1: Qualification samples quantity overview 

All samples shall be send to NASA  where they will be subjected to:  

• Visually inspection to the Class B acceptance criterias in Appendix G. 

• Liquid penetrant inspection Type I (fluorescent penetrant), Level 3 or higher to the 

Class B acceptance criterias in Appendix G. 

One sample of high heat and one of the low input input settings shall be cut as shown below as 

 

Figure 4-1: Longitudinal cut sample examples   
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shown in Figure 4-1 to check the class B criteria in Appendix G focussed on through welding. 

One of the samples with nominal heat input settings shall be subjected to a burst test. The burst 

testing shall be done according to the test procedure requirements in Appendix J.   

 

4.1 High and low heat input settings  

The aim of the range of input settings shall be in the order of ±10%, but this is no hard 

requirement. The flight hardware welds shall be made with the nominal power setting. In this 

case the flight welds are qualified for power fluctuations in the welding apparatus between the 

low and high limits. 
 

4.2 Standard Weld samples 

The weld samples shall be cut in the same way as the flight hardware. A drawing of the weld 

samples is shown in Figure 4-2. Design drawings of all weld samples types are shown in 

Appendix H and I.  

 

 

Figure 4-2: Weld sample example 
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4.3 Qualifications summary  

In the following table the required samples are summarised.  
DIAMETER Picture

5.6 Type I N/A
4 Type II N/A
4 Type III N/A
4 Type IV N/A
4 Type V N/A
6 Type VI N/A
6 Type VII N/A
6 Type VIII N/A

 TYPE Orbital Welding QUALIFICATION RE-QUAL

Hydraulic connector material to CRES347 5.6 mm OD 9 3

CRES 347 to 316L 4mm OD (Microgroup batch) 9 3

316L (Microgroup batch) -316L (Microgroup batch) 9 3

316L (NIKHEF batch) -316L (Microgroup batch) 9 3

3

CRES 347 to 316L 6mm OD 39

3

316L 6mm (Microgroup batch) to 316L Condenser manifold 9 3

316L to 316L 6mm OD standard 9

316L 6 mm OD to swagelok weld coupling 9

 

Table 4-2: Summary of qualification samples 

 

The inventory of the sample parts is shown in Table 4-3.  
DIAMETER Picture

5.6 23
(Q/F/P&P)
(9/8/6) 26

4 32
(Q/F/P&P)
(18/8/6) 50

4 15
(Q/F/P&P)
(9/0/6) >10 m

4 56
(Q/F/P&P)
(36/8/12) 9 m

4 15
(Q/F/P&P)
(9/0/6) 30

6 19
(Q/F/P&P)
(9/4/6) 30

6 39
(Q/F/P&P)
(27/0/12) 6 m

6 17
(Q/F/P&P)
(9/2/6) 30

Hydraulic connector material (15-5 PH) samples

 SAMPLE TYPE # PARTS REQUIRED

 4mm OD tube (Microgroup batch) 316L

 4mm OD tube (NIKHEF batch) 316L 

#STOCK

CRES 347 intermediate conector 6 mm

 4mm OD machined tube 316L (condenser manifold batch)

CRES 347 intermediate connectors 4 mm

 6 mm OD 6LV-6MMW-9 swagelok weld coupling 316 L

 6mm OD  tube 316 L

 

Table 4-3: Sample inventory 
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5 Welding procedure specification (WPS) 

Process verification shall consist of visual inspection and/or (non)-destructive inspection, as 

described further in section 4 for weld qualification and section 6 for re-qualification.  In 

addition, at the appropriate time during the fabrication activities, the following items shall be 

verified: 

a. Verify that the welder is certified for the specific welding operation (prior to welding). 

b. Fit-up in accordance with the engineering drawing (prior to welding for Class A 

Pressure Containing Components). 

c. A WPS exists (prior to welding) see section 5.1. 

d. Compliance with WPS for essential variable ranges (during welding). 
 
5.1 Welding procedure specification (WPS) 

The welding process shall be documented in a Welding procedure specification (WPS). The 

WPS shall be reviewed by NASA before the production of the actual flight and qualification 

H/W. An example WPS as will be used for TTCB welding is shown in Appendix K. 
 
5.2 Welding Procedure Qualification Record (PQR) 

Welding results (all qualification, re-qualification, post and pre-weld sampled) shall be 

documented in a Procedure Qualification Record (PQR). An example PQR as will be used 

during flight qualification and flight welding is given in Appendix K.  
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6 Weld re-qualification  

Re-qualification of welds will be performed in the following cases:  

• The weld system has been placed on a different external power source except when the 

power supply has a means for internal power regulation, 

• Major maintenance has been performed on the weld system. Major maintenance 

includes replacement of the power supply, major repair of the power supply requiring 

entrance into the controller or transformer cabinet, replacement of the weld head, or 

replacement or change in length of any of the interconnecting cables.  

 

A re-qualification exists of the following steps:  

 

• Weld re-qualification 

 

Weld settings Number of welds Examination  

Limit high heat input 

settings 

1 Visual Inspection  

Volumetric NDE 

Limit low heat input settings 1 Visual Inspection  

Volumetric NDE 

Nominal heat input settings 1  Visual Inspection  

Volumetric NDE 

Total  3  

Table 6-1: Qualification samples quantity overview 

Re-qualification requires only 3 samples with settings and sequence as shown above. The 

samples are subjected to visual inspection and volumetric NDE. The re-qualification results will 

be send electronically to NASA and to NLR for approval.  

If the requalification activities result in any welding parameter(s) deviations that exceed the 

range specified in Table V of PRC0010 or AWS B2.1 as applicable, for that parameter, then the 

level of testing in section 4 is required. Table V is copied below.  
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Table V - Essential Welding Variables 
Variable # Variable / Weld Type Range 

Allowed 
1 Power Source Model # None 
2 Weld Head Model # None 
3 Joint Configuration None 
4 Groove Angle +/- 5o 
5 Nominal Tube Dia. None 
6 Nominal Wall Thickness None 
7 Material Type(s) None 
8 Electrode Start Position +/- 60o 
9 Preweld Cleaning Steps None 

10 Allowable Joint Gap None 
11 Tool or Shop Aid Identification None 
12 Preweld Purge Time (1) 
13 Postweld Purge Time (1) 
14 Tube ID Prepurge Flow Rate or Pressure None 
15 Weld Head Prepurge Flow Rate +/- 15% 
16 Plasma Gas Flow Rate +/- 10% 
17 Gas Composition/Spec. None 
18 Electrode Travel Speed & Machine Setting None 
19 Arc Travel Start Delay None 
20 Total Weld Current On Time None 
21 Weld Time @ Level or Circumference Interval None 
22 Current Pulse Width (%) None 
23 Current Pulse Rate None 
24 Filler Material / Spec. None 
25 Filler Wire Feed Speed +/- 50% 
26 Consumable Insert Type and Specification None 
27 Tubular Sleeve Spec. None 
28 Background Welding Current None 
29 Pulse Welding Current None 
30 Electrode Type None 
31 Electrode Diameter None 
32 Electrode Tip Geometry None 
33 GTAW Electrode to Work Gap (nom. setting) +/- 10% 
34 PAW Electrode Position Setting (nom. setting) +/- 10% 
35 PAW Orifice Size None 
36 Minimum Preheat Temp. None 
37 Maximum Interpass Temp. None 
38 PWHT Procedure/Spec. None 

Tabel 6-2: Essential welding variables 
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7 Flight Welding  

For welding of the hydraulic connectors tube welding with flow-through shielding gas is used. 

The detailed integration weld sequence is described in section XX. 

 

7.1 Tube welding preparations  

 

7.1.1 Cleaning and clean working  

The welding and welding preparation of the tubing and components will be performed in a class 

100,000 or better clean room environment. The flight tubes and flight weld samples are clean 

inside. Handling is focussed in avoiding contamination to get inside and keep the tubes clean.  

For cleaning on the outside Iso-Propyl-Alcohol (IPA) will be used as it leaves no residue on the 

tubes.  Details of the cleaning are described in the TTCS Box bending procedure AMSTR-

AIDC-PR-020.  

 

7.1.2 Tube cutting 

Tube cutting will be done according to the tube cutting procedure AMSTR-SYSU-PR-008. 

Cutting will be done while filtered clean gas is flown through the tube. Special to the tube 

cutting is to take into account (add) the tube shrinkage during welding. Before cutting need to 

add the welding shrink dimension. This dimension was tested.  

 

7.1.3 Pre-weld and post-weld samples  

In order to assure the weld quality during the complete TTCB integration process each day: 

• two pre-weld samples (for each weld type performed that day) 

• one post-weld samples (for each weld type performed that day) 

The pre- and post-welds are made according to the WPS and examined and documented in a 

PQR by NIKHEF. At the end of each day the filled procedures and PQR’s are send to the 

NASA weld specialist and the TTCS project leader for review. 

 

Pre-production anomalies  

In case pre-production weld samples do not meet requirements and no assignable cause for the 

failure can be determined the welding activities will be stopped at once. The TTCS project 

leader at NLR, and the NASA weld specialist shall be contacted as soon as possible to discuss 

how to proceed.   
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In order to reduce the number of pre- and post-welds as much as possible the same weld types 

are planned on one day.  

 

7.2 Weld equipment 

 

 

Figuur 7-1: Swagelok welding system  

 

The orbital welds will be made with a Swagelok/Cajon™ M100 orbital welding system. The 

system includes the following hardware: 

· Welding head: Cajon™ CWS-5H-B 

· Fixture block: Cajon™ CWS-5TFB 

· Collets: Cajon™ CWS-5UCI-04mm 

 

The on-line welding will be done with a micro weldhead series 4 as shown in Appendix M. 

Fixtures are available for 4 mm and 6 mm tubes  
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7.3 Standard tube orbital welding with flow-through shielding gas 

The standard tube orbital weld method is used for most of the TTCB welds. The purge gas set-

up is shown in Figure 7-2. 

 

Figure 7-2: Purge gas set-up flow through  

In Figuur 7-3 you find a typical weld sample.  

 

Figuur 7-3: Drawing of a tube weld connection concept 

 

 

Weld location 
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7.3.1 Main steps for welding with flow-through shielding gas 

The main steps are:  

1. Perform pre-weld test samples according to the applicable WPS in Appendix L. 

a. Use fixture to fix tube in line 

b.  Purge gas with DP gage before welding 

c. Perform welding 

2. Document the weld parameters in PQR as in Appendix K. 

3. NDE Examination of weld samples 

a. If samples fulfil requirements  

i. Document the weld sample examination results 

ii. Proceed with flight welding preparations 

b. If samples do not fulfil requirements  

i. Find out cause of anomaly and report to TTCS PM  

ii. If anomaly is well understood start with step 1 and continue 

iii.  If anomaly is not understood stop welding and contact TTCS PM and 

NASA weld specialist at once to discuss how to proceed. 

4. Flight weld preparations  

a. Document part numbers  

b. Check material traceability and certificates 

5. Perform flight welding  

a. Use fixture to fix tube in line and/or components 

b. Take picture of weld set-up  

c. Purge gas with DP gage before welding 

d. Perform welding 

6. Direct after last weld of the same weld type perform post-weld sample 

a. Use fixture to fix tube in line 

b. Purge gas with DP gage before welding 

c. Perform welding 

7. NDE Examination of post-weld sample 

a. If sample fulfils requirements  

i. Document the weld sample examination results 

ii. Continue with other weld type(s)  

b. If sample does not fulfil requirements 

i.  Report to TTCS PM and to NASA weld specialist 
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8 TTCB and hydraulic connector weld sequence 

The overall sequence of welding is as follows: 

 

1. Off-line Connector weldings to CRES 347 and 316L (NIKHEF batch 4mm) @NIKHEF 

(these are the mini TTCS connector welds for TTCB-S) 

a. Pre welds 

b. 8 welds CRES347 to 316L  4 mm 

c. 8 welds CRES347 to connector 5.6 mm 

d. Post welds 

2. Off-line Connector weldings to CRES 347 and 316L (6mm Dockweiler) @NIKHEF   

(this are the pinch tube welds for TTCB-P and TTCB-S) 

a. Pre welds 

b. 6 welds CRES347 to 316L (Dockweiler) 6 mm (including 1 spare pinch tube) 

c. 6 welds CRES347 to connector 5.6 mm  

d. Post welds 

3. Condenser welds on AMS02 online @CERN  

a. Pre welds 

b. 8 welds 316 L (manifolds) to 316 L (Microgroup batch) 

c. Post welds 

4. TTCB’s Fit check on AMS02 online 

a. Check hydraulic connector locations (tooling access etc) 

b. Check pinch locations 

5. Off-line connectors welds to TTCB-S @CERN 

a. Pre welds 

b. 8 welds 316L (NIKHEF batch) to 316L  (NIKHEF batch) 4 mm (to connect the 

connectors to TTCB-S) 

6. Off-line connectors pinch inlet TTCB-S & TTCB-P @CERN 

a. Pre welds 

b. 2 welds Swagelok weld coupling to 316L (Dockweiler) 6 mm (with attached 

connector(s)) 

c. 2 welds Swagelok couplings to 316L (Dockweiler) (inlet TTCB) 6 mm   

(TBC could also be online to better fit with the bracket) 

d. Post welds 

7. On-line welds TTCB-P 
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a. Pre welds 

b. 8 welds 316 L (NIKHEF batch) to 316 L (Microgroup batch) 

c. Post welds 

8. On-line welds TTCB-S 

a. Pre welds 

b. 4 welds 316 L (NIKHEF batch) to 316 L (Microgroup batch) 

c. Post welds 

 

Green = @ NIKHEF 

Yellow = off-line @ CERN 

Red = on-line at AMS02 @ CERN 

 

In the section 9 the purge set-up for the off-line and online connections to the TTCB’s are 

shown. The TTCB fit checks are found in a separate ATS of on-line AMS02 activities.   
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9 Purge set-ups during off-line box welding 

In below pictures the purge set-up are shown of: 

• TTCB-S off-line welds 4 mm  

• TTCB-S off-line welds 6 mm 

• TTC-P off-line welds 6 mm 

• Condensers welds online welds 

• TTCB-P online welds 4 mm  

• TTCB-S online welds 4 mm  

The following general rules are applied.  

• All welds will be performed as flow-through type welds 

• Downstream the weld no (major) hydraulic resistance (e.g. pump) should be present   

(This would influence the back pressure measurement and so a different weld situation 

would be present than during flight and qualification) 
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9.1 TTCS-S off-line weld connector assemblies to box tubing 4 mm 

The following weld steps will be performed:  

1. Cut and debur tubes according to AMSTR-NLR-PR-008 Issue 4 “Condenser and TTCB 

tube cutting Procedure”  

2. Perform pre-weld samples before flight welding 

3. Purge to fill HX two-phase side with shielding gas   

(use filters in the shielding gas purge line to avoid contamination) 

  

 

Combined  
purge inlet 

Purge outlets 

 
a. Close ends after purging with kapton tape  
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4. Purge to fill HX single-phase side with shielding gas 

    
a. Close ends after shielding  

 

5. Connect hydraulic connector indicated 

 

Combined inlet 

Purge outlet 

Purge outlet 
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6. Connect purge lines as indicated (and close all other exits with caps or kapton tape)  

 

 

  
7. Perform weld  
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8. Connect second hydraulic connector 

 
9. Connect purge lines as indicated  

 

 
10. Perform weld  
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11. Close outlets with kapton tape to keep a shielding gas environment in the box.  

12.  Connect hydraulic connector as indicated 

 
13. Connect purge lines as indicated 

 

 
14. Perform weld  
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15. Connect hydraulic connector as indicated  

 
16. Connect purge lines as indicated 

 

 
17. Perform weld  
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9.2 TTCS-S off-line box tube welding 6 mm 

Completely off line the inlet tubes are welded (according to procedures) and integrated on the 

boxes.  

 

9.2.1 Filling TTCB accumulator with shielding gas  

The TTCB accumulator and box will be filled with shielding gas prior to welding of the inlet 

tube.  

This will be done either by vacuumizing the TTCB with a scroll pump and filling with shielding 

gas. Or the accumulator will be purged with shielding gas by using a capillary tube (cleaned 

with IPA). The accumulator opening will be slightly lifted such that the shielding gas will push 

out the air or CO2 in the system.  

 

9.2.2 Inlet tube purge prior to welding 

Prior to making the off-line weld to fill/pinch tube the tubing is purged. First the pump inlet 

tubes  (from Wake condenser and from Ram condenser) are coupled via a T-branch and 

connected to the purge bottle. All other openings except the evaporator inlets are closed. Below 

the set-up is shown.  
 
 
 

Combined Purge inlet  

Purge outlet   

Purge outlet   

Closed    
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9.2.3 Purge set-up tube during welding 

The below shown purge set-up is made during welding.   

Combined purge inlet  

Purge outlet  

All other exits closed 

 
 

Perform weld.  

Close ends before installing to keep as much as possible shielding gas inside the box. 
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9.3 TTCS-P off-line weld 6 mm 

Just as for the Secondary box also for the Primary box the inlet tube assembly is welded 

completely off line (according to procedures) and integrated on the boxes.  

 

9.3.1 Filling TTCB accumulator with shielding gas  

The TTCB accumulator and box will be filled with shielding gas prior to welding of the inlet 

tube.  

This will be done either by vacuumizing the TTCB with a scroll pump and filling with shielding 

gas. Or the accumulator will be purged with shielding gas by using a capillary tube (cleaned 

with IPA). The accumulator opening will be slightly lifted such that the shielding gas will push 

out the air or CO2 in the system.  

 

9.3.2 Inlet tube purge prior to welding 

Prior to making the off-line weld to fill/pinch tube the tubing is purged. First the pump inlet 

tubes  (from Wake condenser and from Ram condenser) are coupled via a T-branch and 

connected to the purge bottle. All other openings except the evaporator inlets are closed. Below 

the set-up is shown.  
 

Combined purge inlet  

Purge outlet  

Purge outlet  

Close  
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9.3.3 Purge set-up tube during welding 

The below shown purge set-up is made during welding.   

 
 

Combined purge inlet  

Purge outlet 

 
Perform weld 

Close ends before installing to keep as much as possible shielding gas inside the box. 

 

End of off-line welding  

 

 

 

 

 



  
 AMS Tracker Page 46 of 86 

 Thermal Control Doc.Id AMSTR-NLR-PR-067  

 Subsystem Issue 4.0 

 TTCB and condenser integration Date  12 October 2009 

 

   

 

10 Purge set-ups during on-line welding 

During on-line welding the distances of tubes can be very long. It is therfore important to take 

enough time to completely fill the tube with purge gas. The weld is always made at the outlet 

side of the purge (a large restriction downstream the pump is changing the weld conditions 

comapred to the weld qualification).  

 

10.1 Purge set-ups during condenser to transport tube welding Secondary  

Before final purging check via AMSTR-NLR-PR-076_TTCS_Loop_connection_check if the 

right connections are made.   

Remark: These are welds in long tubes. Be aware that the back pressure measurement could be 

different from the weld qualification. A test with large tubing before the weld sample will 

indicate the difference and give confidence in the set-up. 

 

1. Secondary WAKE condenser welds 

2. Install tube to condenser tubing by mechanical fixation or spot welding  

3. Install purge set-up as shown below  
 

Purge inlet Wake condenser in  

Purge outlet Wake condenser out 

Condenser connected  
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4. Perform both welds in sequence 

5. Close ends to keep purge as inside the tubes  

 

6. Secondary RAM condenser welds 

7. Install tube to condenser tubing by mechanical fixation or spot welding  

8. Install purge set-up as shown below   

Purge inlet RAM condenser in  

Purge outlet RAM condenser out 

Condenser connected at RAM side 

 
9. Perform both welds in sequence 

10. Close tubes to keep weld gas in tubes 
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10.2 Purge set-ups during condenser to transport tube welding Primary 

Before final purging check via AMSTR-NLR-PR-076_TTCS_Loop_connection_check if the 

right connections are made.  

 

11. Primary WAKE condenser welds 

12. Install tube to condenser tubing by mechanical fixation or spot welding  

13. Install purge set-up as shown below  
 

Purge inlet Wake condenser in  

Purge outlet Wake condenser out 

Condenser connected  

 
14. Perform both welds in sequence 

15. Close ends to keep purge as inside the tubes  

 

16. Primary RAM condenser welds 

17. Install tube to condenser tubing by mechanical fixation or spot welding  
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18. Install purge set-up as shown below  
 

Purge inlet RAM condenser in  

Purge outlet RAM condenser out 

Condenser connected at RAM side 

 
19. Perform both welds in sequence 

20. Close tubes to keep weld gas in tubes 
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10.3 Purge set-ups for hydraulic connector to TTCS Secondary loop 

The hydraulic connectors for the connection of the   

 

1. Use purge set-up connector Secondary top evaporator inlet hydraulic connector as 

shown below 
 

 

Purge inlet 

Purge outlet through connector 

 
2. Perform weld 

3. Close ends to keep purge gas in   
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4. Use purge set-up connector Secondary top evaporator outlet hydraulic connector as 

shown below:  

 
 

Purge inlet 

Purge outlet through connector 

 
5. Perform weld 

6. Close ends to keep purge gas in 
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7. Use purge set-up connector Secondary bottom evaporator inlet hydraulic connector as 

shown below 

 

Purge inlet 

Purge outlet & weld 
location 

 
8. Perform weld 

9. Close ends to keep purge gas in.  

 

10. Use purge set-up connector Secondary bottom evaporator outlet hydraulic connector as 

shown below:  

Purge inlet 

Purge outlet & weld 
location 

 
11. Perform weld 

12. Close ends to keep purge gas in 
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10.4 Purge set-ups during Secondary box on-line welding  

The condensers are already connected to the transport tubes. The boxes are integrated in place. 

Steps 

1. Fixate the tubes together  

2. Make the purge set-up as in below schematic  
 
 

 

Purge inlet through inlet tube 

Combined purge outlet 

 
3. Connect the evaporator return lines by a T-split and put the back pressure sensor to the 

combined line 
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4. Fixate tubes on indicated weld locations   

 

Combined purge outlet 
Weld locations 

 
5. Perform both welds  

6. Invert the purge gas direction  
 
 

 

Purge outlet through inlet 
tube 

Combined purge inlet 
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7. Fixate tubes on indicated weld locations  
 

 

Combined purge inlet 

Weld locations 

 
8. Perform both welds 

9. End Secondary box welding  
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10.5 Purge set-ups during Primary box on-line welding  

 For primary box first the condenser inlet and outlet welds are made and finally the evaporator 

connections.  

1. Fixate the tubes together  

2. Make the purge set-up as in below schematic 
 Purge inlet through fill tube 

Combined purge outlet 

 
3. Connect the evaporator return lines by a T-split and put the back pressure sensor to the 

combined line  

Purge inlet through inlet 

Combined purge oulet 

Weld locations 

 
4. Fixate tubes on indicated locations  
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5. Perform both welds  

6. Invert purge gas direction   
 

Purge outlet through inlet 
tube 

Combined purge inlet 

 
7. Fixate tubes on indicated weld locations 

Purge outlet through fill 
tube 

Combined purge inlet 

Weld locations 

 
8. Perform both welds  

9. Close ends to keep shielding gas environment inside the tubes  
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10. Evaporator tube connection welding 

11. Evaporator inlet connections 

12. Install indicated purge set-up  

Purge inlet  

Purge outlet  

Flow through T-split  
at the edge of the box box 

 
13. Purge to get a good internal shielding gas environment  

14. Fixate tubes at weld locations  

Weld locations 

  
15. Perform indicated welds 
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16. Evaporator return connections 

17. Install indicated purge set-up  

Purge inlet  

Purge outlet  

Flow through T-split  
at the edge of the box box 

 
18. Purge to get a good internal shielding gas environment  

19. Fixate tubes at weld locations  

Weld locations 

 
20. Peform indicated welds 

21. End online welding  
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11 Appendix A: Intermediate tube section to 316L Do= 4mm Di = 2.6 mm 

 
Intermediate section to standard TTCS transport tube Do= 4mm Di = 2.6 mm.  
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12 Appendix B: Intermediate tube section to 316L Do= 6 mm Di = 4 mm 

 
Intermediate section to standard TTCS transport tube Do= 6 mm Di = 4 mm.  
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13 Appendix C: Tube and material certificates 
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6 mm standard Dockweiler tubes 
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4 mm OD stainless steel box standard tubing  

 
NIKHEF batch (TTCB side) 
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Microgroup batch  (transport tubes side)  
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Certificate Swagelok weld couplings 6 mm 
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14 Appendix D: Hydraulic Connector material certificates 
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15 Appendix E: Intermediate CRES 347 material certificate 
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16 Appendix F: Condenser manifolds material certificate 316L 
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17 Appendix G: Acceptance criteria for Class B pressure containing components 

SURFACE INSPECTION ACCEPTANCE CRITERIA - CLASS B -  
Pressure Containing Components  
 
Size and Appearance 
of Groove Welds 

Minimum size as specified on drawing.  If profile requirements are not specified 
on the drawing, the weld shall be convex with a maximum reinforcement as 
stated herein.  Any profile is unacceptable where the weld to base metal 
transition forms a sharp notch or reduces the base metal thickness (T) beyond 
the minimum specified on the drawing. 

Size and Appearance 
of Fillet Welds 

Minimum size as specified on drawing.  If profile requirements are not specified 
on the drawing, the weld shall be flat or slightly convex with a maximum 
reinforcement as stated herein. Any profile is unacceptable where the weld to 
base metal transition forms a sharp notch or reduces (T) beyond the minimum 
specified on the drawing.    

Cracks None allowed. 
Undercut Undercut shall not exceed 15% of the total weld length.  The depth of any 

undercut indication where T < 0.035”, undercut shall not exceed 10% of T.  
Where T is >/= 0.035” and </= 0.09”, undercut shall not exceed 15% of T or 
0.010”, whichever is the lesser.  Where T > 0.09”, the depth of undercut shall 
not exceed 0.015”.  

Pores or Voids The maximum diameter shall not exceed 0.02” or 1/3 of T, whichever is the 
lesser.  Indications less than .010” in diameter shall not be considered. 

Weld Face or Root 
Concavity or WM 
Thinning 

Concavity shall not exceed 15% of T or 0.015”, whichever is the lesser. 

Overlap None allowed. 
Misalignment Misalignment shall not exceed 15% of T or 0.025”, whichever is the lesser. 
Peaking Weld joint peaking shall not exceed a total of 5 degrees. 
Weld Face or Root 
Convexity 

Reinforcement, or melt-thru, shall not exceed 20% T or 0.06”, whichever is the 
lesser. 

Surface Discoloration A black - brown color is not allowed. 
Surface Roughness Surface finish of welds and adjacent material resulting from processes used to 

remove weld reinforcement and otherwise shall not exceed 63 microinches. 
General 
Workmanship 

Weld deposits, face and root reinforcement and adjacent base metal shall 
display a smooth and uniform appearance.  The weld toes shall blend smoothly 
into the base metal without unfused overlaps or undercut exceeding that 
specified.  
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18 Appendix H: Weld sample drawings connector dummies 

 
 

For the weld qualification of the intermediate material the samples are exact copies of the flight 

parts as shown in Appendix A and B.  
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19 Appendix I: Weld sample drawing transport tubes  
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20 Appendix J: Burst test requirements TTCB weld sample tubes 

For the structural verification a burst test need to be performed. The following is copied from 

the AMS structural verification requirements document:  

  

B1: Where “MDP” stands for “Maximum Design Pressure”. MDP for a pressurized system shall 

be the highest pressure defined by the maximum relief pressure, maximum regulator pressure or 

maximum temperature.   

B2: The “Ultimate pressure factor” is a multiplying factor applied to the MDP to obtain ultimate 

pressure. Pressurized components are to be designed to the following factors of safety. 

 

Table: 
 Lines and fittings:  Burst   Proof 

Diameter <1.5”    4.0    1.5 
Diameter =>1.5”   2.5    1.5 

Other components   2.5    1.5 

   

For the TTCB burst sample test it follows that the burst test need to be performed for 4 * MDP. 

The MDP for TTCS = 160 bar meaning the burst pressure will be 640 bar for the tubing.  

 

The burst test can be performed with a Swagelok coupling (with stainless ferrule) closing on 

one side of the weld sample and a connecting coupling (with stainless ferrule) on the other side 

to apply the pressure.   

Figures of the configurations are shown on the next page.    

Pay attention to personal safety aspects and perform the test such that no connector can 

be bulleted around the area. 

For the weld-coupling to weld coupling type of welds, weld additional tube to the connectors to 

be able to perform the burst test. Drawback is that 3 welds need to perfect but this is the most 

straight forward way to perform the test.  

 

Acceptance criteria 

1. He-leak tightness before burst <1*10-9 mbarl/s (or 0,9708*10-9 atm cc /s) 

2. The burst sample shall withstand the burst pressure 

Documentation  

1. Document pressures  

2. The burst sample deformation shall be visually inspected and documented (photographed) 
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Burst sample configurations 

 

Figuur 20-1: Type tube-tube weld 
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21 Appendix K: PQR 

 

PQR Number     

Supporting WPS no.(s)          

Material number               Group        

Material spec., type, and grade                                 

Base metal thickness range  

Pipe / Tube diameter        Wall thickness                      

Filler metal F No.     AWS Class & Spec.                

Consumable Insert, AWS Class & Spec.                            

Preheat temperature minimum

Preheat temperature maximum

Interpass temperature minimum

Interpass temperature maximum  

Postweld HeatTreatment

to Material number                  Group

to Material spec., type, & grade              

GAS :

Torch gas(es)

% Composition        Flow Rate        

Prepurge Time         Postpurge Time        

Backing gas(es)

% Composition         Flow rate         

Prepurge Time         Postpurge Time                

BASE and FILLER METAL :

Revision Company / Organization

Welding Process(es)          Automatic Orbital Tube Gas Tungsten Arc

WELDING SET-UP :

Power Supply (Model)

Weld Head(s)

Joint Position(s)

Tungsten type Diameter                    Arc gap         

Tip diameter       Tip angle                

Weld direction                                  Pulse Mode

WELD SETTINGS :

Start current (amps)           Upslope (sec.)

Level Slope Time (sec.)     Downslope (sec.)

Start Delay (sec.)               Override (%)

Finish Current (amp)          Fixture Speed (RPM)

Weld Timer (on/off) Step Mode (on/off)

Wire Mode (on/off)            Finish Current                

PRE and POSTWELD HEAT :

NOMINAL HEAT INPUT CONDITIONS :

Weld    Allowable Current (amps) Settings   Pulse     Pulse
Level     Time                  HIGH                    LOW   Rate       Width

Number   (sec.)     +5%   Nominal    -5%    Nominal     (pps)    Nominal 

JOINT DESIGN :

Joint type

Groove angle     Radius        Land               

Root opening      Size of fillet

Socket weld pull-back

SKETCH -

TECHNIQUE :

YOUR COMPANY/ORG name goes here
ORBITAL TUBE GAS TUNGSTEN ARC WELDING 

PROCEDURE QUALIFICATION RECORD (PQR)

0.030”
Electrode
Standoff

0.035” Wall

Page 1 of 2

304L                    304L

100%
Penetration

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the requirements of 
the NASA / JSC PRC-0010.

Reviewed by :

Approved by :

Qualifier :

Date :
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Page 2 of 2PROCEDURE QUALIFICATION RECORD ( PQR ) for
ORBITAL TUBE GAS TUNGSTEN ARC WELDING

TENSILE TEST SPECIMENS :
Type :    

Groove  (  )

Tensile test results : (minimum required UTS :          

Tensile specimen size :         Area:         

Socket Lap w/fillet  (   )

psi)

Specimen No. O.D., in.(a) Wall Thkns, in. Area, in2 Max Load, lbs Ftu, psi Type Failure/Loc

Type Result

GUIDED BEND TEST SPECIMENS - SPECIMEN SIZE:                         

MACRO - EXAMINATION RESULTS :

IMPACT TEST SPECIMENS

WM = weld metal;    BM = base metal;    HAZ = heat - affected 
zone

Welding
position

Specimen
location

Energy absorbed
( ft. - lbs. )

Ductile fracture
area ( percent )

Lateral expansion
( mils )

IF APPLICABLE

We certify that the statements in this record are correct and that the test welds were prepared, welded, and tested in accordance with the requirements of 
the NASA / JSC PRC-0010.

RESULTS
Unacceptable  (   )

Unacceptable  (   )

Unacceptable  (   )

Unacceptable  (   )

Unacceptable  (   )

Unacceptable  (   )

Unacceptable  (   )

Acceptable  (   )

Acceptable  ( )

Acceptable  (   )

Acceptable  (   )

Acceptable  (   )

Acceptable  ( )

Acceptable  (   )

PQR No.

Type :

Test temperature :

Specimen location :

Size :

Test results :

Hardness tests :  (   ) 

Visual Inspection ( )                                       

Torque  (   ) psi

Proof test  (   )

Chemical analysis  (   )

Values

Method

Reviewed by :

Approved by :

Qualifier :

Date :

Process        Non-destructive exam  ( )

Other

Mechanical testing conducted by (Company) Lab No.          

Type Result
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22 Appendix L: WPS 

 

WPS Number       

Supporting PQR no.(s)        

Material number               Group        

Material spec., type, and grade                                 

Base metal thickness range 

Pipe / Tube diameter        Wall thickness                    

Filler metal F No.                 AWS Class & Spec.            

Consumable Insert, AWS Class & Spec

Preheat temperature minimum

Preheat temperatue maximum

Interpass temperature minimum

Interpass temperature maximum  

Postweld HeatTreatment

to Material number                  Group

to Material spec., type, & grade              

GAS :

Torch/Head gas(es)

% Composition                                      Flow Rate    

Prepurge Time         Postpurge Time        

Backing gas(es)

% Composition        Flow rate         

Prepurge Time         Postpurge Time        

BASE and FILLER METAL :

Revision Company / Organization                                          

Welding Process(es)          Automatic Orbital Tube Gas Tungsten Arc

WELDING SET-UP :

Power Supply (Model)

Weld Head(s)

Joint Position(s)

Tungsten type Diameter    Arc gap     

Tip diameter       Tip angle          

Weld direction    Pulse Mode

WELD SETTINGS :

Start current (amps)           Upslope (sec.)

Level Slope Time (sec.)     Downslope (sec.)

Start Delay (sec.)               Override (%)

Finish Current (amp)          Fixture Speed (RPM)

Weld Timer (on/off) Step Mode (on/off)

Wire Mode (on/off)            

PRE and POSTWELD HEAT :

NOMINAL HEAT INPUT CONDITIONS :

Weld    Allowable Current (amps) Settings   Pulse     Pulse
Level     Time                  HIGH                    LOW   Rate       Width

Number   (sec.)     +5%   Nominal    -5%    Nominal     (pps)    Nominal 

1          

2         

3          

4          

JOINT DESIGN :

Joint type

Groove angle     Radius        Land                

Root opening     Size of fillet

Socket weld pull-back

SETUP SKETCH -

We certify that this welding procedure and schedule were qualified in accordance with the requirements of NASA / JSC  PRC-0010.

TECHNIQUE :

Joint cleaning       

Other      

YOUR COMPANY/ORGANIZATION NAME goes here

ORBITAL TUBE ARC WELDING PROCEDURE SPECIFICATION (W PS)

DateApproved By

Prepared By DateOrg.

Org.
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23 Appendix M: Swagelok Micro-weld head series 4 
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